Phage j2, a P1-like phage in Salmonella typhi, was heteroimmune to phage P1 and existed in the lysogenic state as a plasmid of molecular size 58.6MDal. The phage j2 plasmid was incompatible with the P1 plasmid (IncY group). A j2-sensitive mutant of Salmonella typhimurium LT2 was isolated by transduction of j2Ap phage into LT2 followed by curing of the prophage. The mutant was used to demonstrate transduction between S. typhi and S. typhimurium by phage j2.
RESULTS A N D DISCUSSION
Characterization of j2Ap phage Biochemical characterization of the j2 phage and plasmid was mainly carried out in S. typhimurium or E. coli, since S. typhi, its original host, is pathogenic. Phage j2Ap was very similar to phage j2; for example both formed tiny plaques and required Ca2+ for adsorption. Unlike phages PlCm (Kondo & Mitsuhashi, 1964) and E m (MacHattie & Jackowski, 1977) during propagation less than 1 % of j2Ap progeny lost the Ap marker as determined by a plaque-centre test (Kondo & Mitsuhashi, 1964) . The frequency of transduction of the Ap marker by j2Ap to S. typhimurium or to E. coli was much lower than that to S. typhi (Table 2) , which is not surprising since neither E. coli or S. typhimurium is sensitive to j2. More than 90% of the Apr transductants of E. coli or S. typhimurium strains were lysogenic for j2Ap and upon UV irradiation produced a lysate of > lo6 p.f.u. ml-This suggested that the Ap marker was transduced to these strains by lysogenization with j2Ap. Non-lysogenic derivatives of E. coli C or S. typhimurium CC4415 were isolated from lysogens by UV irradiation and subsequent incubation in L broth. Ninety-two percent of those from S. typhimurium were j2-sensitive, but none from E. coli was sensitive to j2 in spite of five independent trials. A j2 lysate (lo8 p.f.u. ml-I) was obtained by growth on a j2-sensitive derivative of CC4415, designated MK1046. Plaques ofj2 were bigger on MK1046 than on S. typhi A.
Heteroimmunity of j 2 and PI Phage j2 did not form plaques on S. typhi lysogenic for P1, as a result of poor adsorption of j2 to the P1 lysogen (Mise et al., 1981) , suggesting that P1 might be a converting phage which induces the production of new surface components. To investigate the immunity relationship of these two phages, the plaque-forming ability of P1 on E. coli C(j2Ap) was compared with that on E. coli C. The P1 plaque-forming efficiency on E. coli C(j2Ap) was 0.8 f 0.1 per p.f.u. on E. coli C (means of three independent determinations), clearly indicating that phages j2 and P1 are heteroimmune.
Generalized transduction between S. typhi and S. typhimurium Isolation of j2-sensitive derivatives of S. typhimurium permitted tests of transduction between S. typhi and S. typhimurium (Table 3) . Phage j2 transduced all the seven chromosomal genetic markers tested, and both plasmid markers, from S. typhimurium to S. typhi. Frequencies of transduction of the chromosomal markers ranged from 1 x per p.f.u., values which are 10 to 130-fold less than between strains of S. typhi (Mise et al., 1981) ; this may reflect differences between these two salmonellas in chromosomal DNA base sequences. P 1 -sensitive mutants of many Gram-negative bacteria could be isolated by transduction of the kanamycin resistance (Km) marker of PlKm phage and subsequent curing of the PlKm prophage (Goldberg et al., 1974) . These authors were unable to isolate P1-sensitive mutants of S. typhimurium, probably because Salmonella is a poor host for P1 either as a lysogen or lytically. Although unstable (Mise et al., 1981) , with a half-life of 3.5 d at 4 OC,phage j2 could be useful in answering this problem and act as 8 P1-like generalized transducing phage for S. typhimurium as well as S. typhi. P1; D, J2; E, j2Ap; F and G, hybrids between j2Ap and PlTc. Host strains of these plasmids were WA921 for NR1-RTF, PlTc and P1, C for j2Ap and the hybrids, and A for j2, respectively. The molecular masses of the plasmids and transposons used to calibrate the gels are: 49.0 MDal for NRl-RTF (Perlman & Rownd, 1976 ); 58.6 MDal for P1 (Arber et al., 1978) ; 3.2 MDal for Tn3 (Ohtsubo et al., 1978) ; and 6.0 MDal for TnZO (Tye et al., 1974) . Incompatibility of prophage j2 and PI pZasmids Prophage P1 is an extrachromosomal replication unit (plasmid) in E. coli lysogenic for P1 (Ikeda & Tomizawa, 1968) . To test whether j2 prophage was similar to P l , cleared lysates of j2 lysogens were subjected to agarose gel electrophoresis. Covalently closed circular DNA occurred in j2 lysogens, but not in non-lysogens, suggesting that the j2 prophage exists as a plasmid. The j2 plasmid DNA was almost the same in size as the P1 DNA (58.6 MDal: slots C and D in Fig. 1  and Arber et al., 1978) . P1 and j2 plasmid DNAs were not separated in agarose gels when both the DNAs were mixed, confirming that the molecular weight of the j2 plasmid is very close to that of P1 (data not shown). Although the difference in size between j2 and j2Ap DNA was slight (slots D and E in Fig. l) , it was significant and reproducible in five independent experiments. The result suggests that j2Ap phage might have been formed by transposition of Tn3 from R1 to the j2 genome.
P1 and P7 plasmids belong to the same incompatibility group, IncY, whereas D6 belongs to an unidentified but different incompatibility group (Watkins & Scott, 198 1) . To determine whether j2 belonged to the Pl-P7 or D6 incompatibility group, E. coli C(j2Ap) was superinfected with PlTc or D6Cm and cells with the antibiotic resistance marker of the superinfecting phage were selected. After one subculture on the same selective medium, a single colony of each clone was tested for the Ap marker of j2Ap ( Table 4 ). The j2 plasmid was excluded from E. coZi C by the incoming P1 plasmid but not by D6. Pl-mediated exclusion of P1 was very strong as compared to that of P1 by j2.
Forty-two of the 50 AprTcr derivatives of E. coli C obtained by superinfection of C(j2Ap) with PlTc were unstable, and lost one of the resistance markers at high frequencies (more than lo%), when grown in PAB containing neither ampicillin nor tetracycline at 37 "C overnight. Generally, cultures of the AprTcr strains contained a large number of phage particles; when 3 x lo7 cells ml-of an AprTcr strain were incubated in PAB without antibiotics at 37 "C for 5 h with aeration, the culture contained 7 x lo7 p.f.u. ml-I on E. coli C and 5 x lo4 p.f.u. ml-I on S. typhi A. Apparently, the Apr Tcr strain temporarily carried both j2Ap and PlTc genomes in a cell in an unstable state and released the phages during growth. Hybrid P1 and j2 phages which could grow on both S. typhi A and E. coli C were not found in the culture. Stable AprTcr strains were obtained by superinfection of C(i2Ap) with PlTc, following isolation on selective medium containing ampicillin and tetracycline and by repeated subculture of the doubly resistant clones on the same medium. Twenty-two of 24 stable AprTcr strains produced plaque-formers on E. coli C alone upon UV irradiation. These AprTcr strains contained a plasmid whose molecular weight value was slightly greater than that of PlTc (slots F and G in Fig. 1 ). The plasmid might have resulted from transposition of Tn3 to the P1 genome or recombination between PlTc and j2Ap under selective pressure.
The above results indicate that j2 and P1 plasmids are incompatible, while j2 and D6 are compatible. Phage P1 was isolated from E. coli and D6 from Salmonella oranienburg (Bertani, 1951; Mise & Suzuki, 1970) . It is interesting that phage j2 isolated from Salmonella typhi belonged to the P1 but not the D6 incompatibility group.
